ABSTRACT. The concentration of plasma atrial natriuretic factor (ANF) and the mechanism for its secretion were investigated in 17 preterm infants with respiratory distress. Their mean gestational age was 29 wk and wt 1250 g. The infants were followed during the first week of life by sequential Doppler ultrasound studies. Ductal openness versus closure and amount of ductal flow were correlated with plasma ANF concentrations. In a subset of 10 infants, sequential Doppler color flow mapping was used to quantify the ductal flow. During the first 72 h, plasma ANF was high, 361 pg/mL; it decreased to 96 pg/mL by the end of the 1st wk. (4, 5). In neonates with RDS (6) plasma concentration of ANF is increased compared to normal newborns. In these patients the peak plasma ANF concentration coincides with the diuretic phase found between 18 to 43 h of age (7).
ABSTRACT. The concentration of plasma atrial natriuretic factor (ANF) and the mechanism for its secretion were investigated in 17 preterm infants with respiratory distress. Their mean gestational age was 29 wk and wt 1250 g. The infants were followed during the first week of life by sequential Doppler ultrasound studies. Ductal openness versus closure and amount of ductal flow were correlated with plasma ANF concentrations. In a subset of 10 infants, sequential Doppler color flow mapping was used to quantify the ductal flow. During the first 72 h, plasma ANF was high, 361 pg/mL; it decreased to 96 pg/mL by the end of the 1st wk. The ANF level was significantly higher when the ductus was open than closed (393 versus 123 pg/mL, p < 0.05). In patients with open ductus and bidirectional foramen ovale shunting (n = 3) ANF was 567 pg/mL and in those with left-to-right shunt 355 pg/mL (n 15, NS). The left atrial size, i.e. the left atrial to aortic root ratio, correlated with the amount of ductal shunting (r = 0.63, p < 0.01) and with ANF concentration ( r = 0.46, p < 0.02). The correlation of ANF values and the magnitude of left-to-right ductal shunting assessed by color flow mapping was highly significant ( r = 0.66, p < 0.001). In these patients, the elevation of ANF is reflective of ductal flow. (Pediatr Res 27:137-139, 1990) Abbreviations release of renin, aldosterone, and vasopressin (4, 5) . In neonates with RDS (6) plasma concentration of ANF is increased compared to normal newborns. In these patients the peak plasma ANF concentration coincides with the diuretic phase found between 18 to 43 h of age (7) .
To clarify the association of ANF secretion and hemodynamic changes in preterm infants with RDS, we determined the Qp/Qs ratio and ductal closure by CFM with a method we developed previously (8) . The focus of this study was the effect of ductal flow on plasma ANF concentration in preterm infants with RDS.
MATERIALS AND METHODS
Seventeen preterm infants (26-33 wk gestation) with birth wt of 0.66 to 1.95 kg (mean 1.25 kg) developed clinical signs and radiographic features consistent with RDS. Nine infants were delivered by caesarean section, and Apgar scores ranged from 3 to 8 at 1 min (mean 6) and from 6 to 9 at 5 min (mean 8). In 15 infants, analysis of amniotic fluid obtained within 24 h before birth revealed lecithin/sphingomyelin ratios less than 2.0 with absence of phosphatidylglycerol, and in two remaining infants tracheal aspirates obtained at birth contained no phosphatidylglycerol. These findings and the clinical course were consistent with severe RDS. This was further substantiated by calculating the arteriolar/alveolar oxygen tension ratio (9) at 6 h of age (0.17 5 0.08: mean + SD), which confirmed the disturbance in gas ANF, atrial natriuretic factor exchange and the requirement for supplemental oxygen and CFM, color flow mapping mechanical ventilation. Infants included in this study had no LA/Ao ratio, left atrial to aortic root diameter evidence of chorioamnionitis, congenital infection, or major PDA, patent ductus arteriosus malformations.
Qp/Qs, pulmonic to systemic blood flow ratio Blood samples of 0.5 mL were drawn through umbilical artery catheters into ice-cold EDTA-containing tubes that were rapidly RDS, respiratory distress syndrome centrifuged at 300 x n. Plasma was sevarated for immediate freezingand stored at -3 0 "~ for up to 3 mo before ANF analysis. From each patient during the 1st wk of life, one to four samples were taken within 3 h of a CFM study. RIA was camed out as ANF is a secreted from the atria of the heart (1). In term previously described (10) . Sensitivity of the method is 5 pg/mL. newborns plasma concentration of ANF is increased during the The intra-and interassay coefficients of variation are 10.6 and first 2 to 4 d of life (2, 3) . ANF has potentially prominent 10.4%, respectively. Results were not corrected for recovery. physiologic effects on the circulatory system of the newborn due Ductal patency and closure were determined by serial echoto its vasodilatory and natriuretic effects and its inhibition of the cardiograms. The studies were performed either by pulsed Doppler (ATL Mark 8,7.5 and 10 MHz transducers) or CFM (Toshiba
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The images were stored on a 3/ 4 inch video tape for later frame by frame analysis. A high left parasternal view was used to simultaneously visualize the main pulmonary artery, the ductus arteriosus, and the descending aorta. Flow through the foramen ovale was visualized through a subcostal view. A four-chamber view was used to visualize the atrioventricular valves and register regurgitation. Transcutaneous oxygen tension was monitored throughout the examination.
CFM measurements. In CFM both the structures and the flow patterns are seen. Flow toward the transducer is coded in red and that away from the transducer in blue. When visualizing the pulmonary artery from a high left parasternal or a short axis view, the red-coded flow toward the transducer entering the distal pulmonary artery opposite the pulmonary valve level identifies ductal flow (8) . The frame showing the largest red area filling the pulmonary artery was chosen for flow measurements. When the ductus arteriosus is patent, the diastolic blue flow away from the transducer represents the swirling backward flow into the pulmonary artery. It strikes the pulmonary valve and then swirls distally into the peripheral pulmonary artery. These abnormal patterns make the pulmonary artery flow turbulent, i.e. there is increased variance of flow velocities within a color pixel. To further analyze these data we used an RGB videodigitizer (Sony SMI 7075) which decodes the color information, on the basis of the intensity of color, to numerical data that are further displayed as a pseudo three-dimensional flow map of the pulmonary artery longitudinal section. Areas of red, blue, and green flow were measured from this three-dimensional plot. Figure 1 shows such a plot of pulmonary artery flow when the ductus arteriosus is open. The percentage of pulmonary artery filled by turbulent green flow has a high correlation to Qp/Qs ratio; in animal experiments the correlation coeficient is about 0.9 (8).
Analysis of variance was used when comparing ANF values in relation to foramen ovale shunting and openness versus closure of the duct. Regression analysis was applied to calculate the correlation between plasma ANF concentration and the Qp/Qs ratio.
The study protocol was approved by the committee for the protection of human subjects of the University of California San Diego Medical Center and informed consent was obtained from the parents to allow their infants' participation.
RESULTS
The ANF concentrations increased from a level of 239 pg/mL 1 to 6 h after birth to a maximum of 867 pg/mL at the age of 7-12 h, and declined thereafter gradually to 96 pg/mL between the 4th and 7th d of life. The peak ANF concentrations at 7 to 12 h of age were significantly higher than in any other age studied ( p < 0.05) (Fig. 2) .
High ANF concentrations appeared in the plasma when the (Fig. 3) .
In 15 of the 18 color recordings done on patients with open ductus, there was left-to-right shunting at the atrial level through the foramen ovale. The mean ANF level in these cases was 335 pg/mL. In three cases, foramen ovale shunting was bidirectional and the ANF was 567 pg/mL ( p = 0.07).
The LA/Ao ratio varied between 0.6 and 1.8 (mean 1.1, n = 27) and correlated with plasma ANF concentration (r = 0.46, p (Fig. 4) . Plasma ANF concentration in full-term infants has been reported to vary during the first days of life between 129 and 356 pg/mL and to reach the adult levels of 2 to 109 pg/mL after 4 d (2). In small preterm infants with RDS, the concentration of ANF reaches a maximum between 7 and 12 h of life. These concentrations are 10 times higher than those considered normal in the adult (2, 3, 10) . A highly significant correlation exists between the secretion of ANF and the magnitude of the left-toright shunt in PDA. Ductal flow seems to be of importance for the secretion pattern of ANF in the preterm infant.
In infants with foramen ovale shunting, mitral flow cannot be used to calculate the Qp/Qs ratio from the flow through the right ventricular outflow tract and mitral valve (1 1). Recently, quantitative data have been obtained using pulsed Doppler echocardiography by measuring the mean velocity of diastolic antegrade flow in the proximal left pulmonary artery (12) . In small, severely distressed infants, pulsed Doppler echocardiography can be used, but quantitative data are difficult to obtain. CFM serves as a reliable technique both to diagnose ductal patency and to get a close estimate of ductal flow (8, 13) .
There is a correlation between ANF secretion and left atrial diameter, as quantitated by LA/Ao ratio, but the correlation is stronger with ductal flow as measured by CFM. Increased flow through the lungs leads to left atrial distension (14, 15) and leftto-right atrial shunt. Especially in preterm infants there is foramen ovale shunting, and dilatation of the left atrium is limited because foramen ovale allows an almost unrestricted passage of blood from one atrium the other, thereby limiting left atrial enlargement. Moreover, in rapidly varying ductal flow, dilatation of the left atrium is apparently not immediate. In experimental ductus arteriosus, there is no immediate increase of ANF secretion nor left atrial size due to increased flow (16) . However, after decrease in flow stimulus in left atrium, ANF concentration falls immediately, as shown after operative closure of the duct (17) . In the children in this series, ANF may have been secreted by both atria. This would explain why the correlation with a flow variable (turbulent area) was better than with left atrial stretching (LA/Ao ratio).
In preterm infants with RDS, the ductus frequently remains patent during the first few days of life (18, 19) . The cardiorespiratory status in these neonates with RDS changes rapidly. In addition to anatomical size and degree of contraction, ductal flow is dependent on factors such as acidosis, hypoxia, and respirator settings. The amount of flow between the ductus and aorta is dependent on the pressure gradient between the pulmonary artery and the aorta. Cardiac output also varies. Plasma ANF level is probably influenced by many of these changes.
Infusion of ANF in healthy adults initiates natriuresis, diuresis, and vasodilatation at plasma concentrations over 100 pg/mL (lo), but even smaller elevations may influence on natriuresis and blood pressure (20) . ANF concentrations in our patients were considerably higher, suggesting that the factor may play a role in determining the extracellular fluid volume and blood pressure. Moreover, ANF has interactions with other hormones, for example in congestive heart failure high levels of ANF and vasoactive hormones such as renin and norepinephrine are found (2 1). Increased endothelial cell permeability due to ANF (4) may have an adverse effect on RDS. High plasma ANF measurements in these infants probably reflect their labile hemodynamic status and severe disease, but presently ANF measurements are not useful in clinical decision making.
